Administration of glucocorticoids or exposure to ionizing radiation in vivo results in a rapid cell death of thymocytes. We report that murine small intestinal intraepithelial lymphocytes (IEL) are resistant to both steroid-and radiation-induced deletion. This is due to resistance to apoptosis, as evidenced by the absence of detectable apoptotic IEL nuclei in situ after in vivo glucocorticoid treatment. IEL express normal levels of glucocorticoid receptors and these receptors bind [ 3 H]dexamethasone to equivalent levels as other lymphocyte populations. Thus, their survival is due to post-receptor signaling mechanisms. Many IEL express high levels of Bcl-2 and that of these Bcl-2 high IEL are largely TCRγδ ⍣ . Those IEL that do express high levels of Bcl-2 are CD8α ⍣ β -CD4 -. In addition, IEL express Bcl-x, another protein shown to be involved in the protection of cells from apoptotic signals. IEL represent the first lymphocyte population in vivo shown to have high levels of expression of both molecules, that otherwise occur only in activated lymphocytes in vitro. These data suggest that the Bcl-2 ⍣ Bcl-x ⍣ IEL are activated cells and not an effete population of cells necessarily destined to die. Also, the high levels of Bcl-2 and Bcl-x in this in vivo activated population supports the in vitro correlate of protection from activation-induced cell death.
Introduction
The cells of the T lymphocyte lineage vary in function and of several cell surface receptors that regulate T cell co-stimulation and adhesion (2-5). In addition, IEL contain cells that reactivity, depending on their derivation, the organ in which they function and their differentiation state. Although their express potentially self-reactive TCR V β chains, which are normally deleted in the peripheral T cell compartment (1,3,6). exact functions are unknown, intestinal intraepithelial lymphocytes (IEL) are positioned to interact both with antigens and These 'forbidden' IEL have been shown to express only the CD8αα homodimer, as opposed to the CD8αβ heterodimer with other cells in potentially unique ways.
IEL from the small intestine differ from their thymically derived expressed on all peripheral and thymic CD8 ϩ lymphocytes (3,7). Interestingly, these CD8αα homodimer-bearing IEL are T cell counterparts in their development, possibly due to different signals driving the differentiation of both populations of T non-responsive to proliferative signals, showing that the selfreactive T cells are at least rendered anergic, if not deleted (3).
lymphocytes (1). Intestinal T cells are unique in their expression
During T lymphocyte development in the thymus, selection San Francisco, CA). Hamster mAb to TCRγδ (GL3-3A) was results in massive death of thymocytes. The signals that purified from ascites and conjugated with FITC. Hamster antidetermine survival of T cells during selection in the thymus mouse-Bcl-2 (3F11) was purchased from PharMingen (San involve signaling through several receptors including the Diego, CA), FITC-labeled anti-murine GR (BuGR-2) was a gift glucocorticoid receptor (GR), TCR and ionizing radiation (8,9).
from Dr Bahiru Gametchu. Anti-Bcl-2 binding was detected We chose to examine steroid-induced apoptosis as a means by goat anti-hamster IgG (Caltag). Anti-Bcl-x antibody (5F2) to examine IEL signaling because steroids are potent inducers is a murine anti-human antibody that cross-reacts with murine of cell death of immature lymphocytes (10,11). Thymic T Bcl-x (21). 5F2 was purified by Protein G-affinity chromatolymphocytes are acutely sensitive to TCR stimulation (10, 12) graphy (Pharmacia, Piscataway, NJ) and conjugated to FITC. or to treatment with high doses of steroids, given individually Anti-GR binding was detected with goat anti-mouse-FITC (13,14). However, a combination of TCR stimulation and F(abЈ) 2 (Dako, Santa Barbara, CA). Flow cytometry analysis steroids will rescue thymocytes from death, a process termed was performed on a Becton Dickinson FACScan (San Jose, mutual antagonism (8,15). Alternately, glucocorticoid-medi-CA) and analyzed with Cellquest. Lymphocytes were gated ated thymocyte death can also be rescued by CD28/CTLA-4 by size based on forward and side scatter. interactions with B7-1/B7-2-bearing cells(16).
In many cases described, the induction of apoptosis by Preparation of cells glucocorticoids is prevented by expression of the intracellular IEL were isolated as described (3,29). Briefly, small intestines protein Bcl-2 (17-19). However, the mechanism of this protecwere flushed with 0.15 M NaCl and Peyer's patches were tion is not yet clear. Bcl-2 is normally expressed at low levels removed. Intestines were opened longitudinally, rinsed briefly in the thymus and high levels by T cells in the periphery. A in 0.15M NaCl and cut into 5 mm pieces. IEL were extracted homologous molecule, Bcl-x, is also protective against many from tissue in Ca 2ϩ /Mg 2ϩ -free HBSS (Gibco, Grand Island, activators of apoptosis (20-24). However, in contrast to Bcl-2, NY) supplemented with 0.035% sodium carbonate and 2 mM Bcl-x is typically expressed in the thymus and not in the dithiothreitol (Sigma, St Louis, MO) at 37°C for a total of 40 periphery in resting lymphocytes.
min. Lymphocytes were then separated from epithelial cells We present evidence that IEL differ from both thymic and by discontinuous Percoll (Sigma) gradient at the 1.062/1.109 peripheral T cells in their susceptibility to apoptosis. To test density interface and washed in RPMI in the presence of 5% whether the IEL are susceptible to steroid-induced death, (v/v) BCS (Hyclone, Logan, UT). Peripheral lymph nodes (LN) mice were treated with high doses of hydrocortisone in vivo and thymus cells were isolated by gently breaking tissue and the deletion of CD4 ϩ CD8 ϩ IEL was compared with the capsules between two frosted glass slides in RPMI with 5% deletion of CD4 ϩ CD8 ϩ thymocytes. We have determined that (V/V) BCS and washed once. Red blood cells were removed IEL are resistant to steroid-induced death, by showing a lack by centrifugation over Lympholyte M (Cedarlane, Hornby, of deletion and death during in vivo treatment of mice.
Ontario, Canada). Viable lymphocytes were enumerated by Additionally, to determine whether this resistance to apoptosis Trypan blue exclusion counting on a hemocytometer. IEL is due to an innate resistance to signals that induce apoptosis, were also enumerated by averaging numbers of IEL per 100 or is specific to GR signals, we examined radiation sensitivity epithelial cells in hematoxylin & eosin-stained paraffin sections as well. As resting T cell clones are acutely sensitive to of formalin-fixed tissue (30). radiation (24,25) and the majority of IEL appear in many ways to be activated (26,27), we postulated that their activation Intracellular staining for Bcl-2, Bcl-x and GR expression state would also instill resistance to radiation-induced death. To find a mechanism for this resistance, we examined the Intracellular staining with anti-GR, -Bcl-2 and -Bcl-x antibodies expression of Bcl-2 in IEL and found two major populations, was performed in 0.3% saponin/1% BSA in PBS with 0.01% including a population expressing levels higher than that seen sodium azide (31). Three-color staining was performed by even in peripheral T cells. IEL also express high Bcl-x levels, paraformaldehyde fixation of cells and surface staining with in addition to the high Bcl-2 expression, consistent with a anti-CD8α-PE or CD8β-PE and anti-CD4-TriColor, followed previously described in vitro activated phenotype (28).
by intracellular staining with hamster anti-mouse-Bcl-2, detected via a FITC-conjugated goat anti-hamster antibody.
Methods
For two-color staining with antibodies to Bcl-2, TCRαβ and TCRγδ, intracellular expression of Bcl-2 expression was first Mice detected with an anti-hamster-phycoerythrin mAb in 0.3% CBA/J mice were obtained from Jackson Laboratories (Bar saponin. Cells were then extensively washed in PBS/BSA Harbor, ME) and maintained in the Animal Resource Facility without saponin and surface stained for TCR expression with at the University of Texas Medical Branch with food and FITC-conjugated hamster anti-TCRαβ or TCRγδ mAb. This reverse-osmosis-treated water ad libitum. Hydrocortisone reversed staining order was performed to minimize adventi-(HYC) administration was performed by i.p. injection of 4 mg tious second antibody attachment to surface bound antibod-HYC (Shein Pharmaceutical, Port Washington, NY) in PBS.
ies. Controls were run to verify that the surface and intracellular Irradiation was performed by exposing mice to 100-500 rad staining with anti-hamster and surface staining with hamster of γ-irradiation from a 137 Cs source 48 h prior to analysis. mAb did not interfere with each other (not shown). The Antibodies for flow cytometry fluorescence intensity of the Bcl-2 staining differs from Fig.  8 (A-C, and D and E) due to the use of a different secondary Anti-CD4-TriColor, anti-TCRαβ-phycoerythrin (PE) and anti-CD8α-FITC antibodies were purchased from Caltag (South antibody to detect intracellular Bcl-2 expression.
The cell suspensions were then exposed to a GR saturating concentration of 100 nM [ 3 H]dexamethasone (83 Ci/mmol; Amersham). The 1 ml volume was split in half and to one-half 100-fold increase of non-radioactive dexamethasone (Sigma) was added to create a competition between the radioactive and the non-radioactive dexamethasone. The cell suspensions were incubated at 37°C, 5% CO 2 , 95% humidity for 1 h. After incubation the cells were washed with PBS three times by centrifugation (1000 r.p.m., 3 min for each wash cycle). After the last centrifugation wash the pellets were resuspended in 250 µl PBS. For each uncompeted and 
Results

Total cell numbers of IEL are minimally affected 48 h after Staining apoptotic nuclei by terminal deoxynucleotidyl transtreatment with HYC or radiation in vivo ferase-mediated nick end-labeling (TUNEL)
Figure 1 cell number and LN cells are partially reduced. The relative Sections of 5 µm were cut and paraffin was removed by yields of IEL remained constant during these experiments heating sections for 10 min at 70°C. Tissue was hydrated by (2ϫ10 6 /animal). In addition to cell yields, the IEL cell proportransferring the slides through xylene for 5 min and 3 min tions were also counted as lymphocyte number per 10 immersions in various ethanol concentrations (96, 90 and epithelial cells on hematoxylin & eosin sections. The data 80%) successively, followed by immersion in distilled water.
concur with the number of cells recovered over the treatment Proteins were removed from nuclei by processing with properiod, in that no significant changes in lymphocyte density teinase K (Sigma) at 20 µg/ml for 15 min at room temperature, within the epithelium was observed. The treatment of animals washed 4 times with distilled deionized water and covered with 0.1 mg dexamethasone, the equivalent relative potency with 2% peroxidase for 5 min at room temperature. After as 4 mg HYC, as well as 4 and 16 times the relative dose, washing with distilled water, the tissue was bathed in TdT gave a similar deletion of thymocytes as HYC at 48 h, but no buffer: 30 mM Tris, pH 7.2, 140 mM sodium cacodylate, 1 mM alteration of IEL populations (not shown). cobalt chloride and reacted with 0.3 U TdT (Boehringer To determine whether glucocorticoid resistance is a specific Mannheim, Indianapolis, IN) in the presence of digoxinogenphenomenon or reflective of a broader resistance to apoptotic dUTP (Boehringer Mannheim) at 0.5 nM/µl for 60 min at 37°C. signals, animals were subjected to 100 or 500 rad of The reaction was terminated with 300 mM sodium chloride, γ-irradiation and examined for deletion of lymphocyte popula-30 mM sodium citrate for 15 min at room temperature. The tions (Fig. 1B) . After 48 h, numbers of thymocytes fell presections were rinsed with PBS and blocked with 2% BSA in cipitously and to a lesser extent LN cells were lost after water for 10 min at room temperature, and rinsed with PBS.
exposure to 500 rad. However, as with HYC treatment, IEL Anti-digoxinogen-peroxidase at 1:200 was added to sections cell numbers were unaltered by γ-irradiation. As with glucoand incubated for 30 min at 37°C. Sections are then washed corticoids, the CD4 ϩ CD8 ϩ thymocytes were most drastically in PBS and stained by precipitation of DAB (Boehringer reduced, whereas CD4 ϩ CD8 ϩ IEL were unaffected (not Mannheim) and counter-stained with methyl green.
shown). This observation is reiterative of reports of the radiation resistance of extrathymically derived lymphocytes GR binding assay (34,35). Ligand binding by the GR was assayed by the whole cell Lack of apoptosis of IEL in steroid-treated animals competitive-binding assay as described (33). Briefly, lymphocytes were isolated from each mouse tissue and suspended Following HYC administration, IEL cell numbers may be maintained either through resistance to apoptosis, or through in 1 ml of RPMI 1640 at a concentration of 1ϫ10 7 cells/ml. a balance of cell death with proliferation or infiltration. Thus, apoptosis of thymocyte nuclei (36) (Fig. 2B ). In addition, we noticed many apoptotic nuclei in the germinal centers of the sections of epithelium were examined for the presence of apoptotic lymphocyte nuclei at various time points following Peyer's patches in treated animals (Fig. 2D) . IEL from animals treated with HYC showed no increases in the appearance of HYC administration. Since we noted deletion of lymphocytes in the thymus occurring by 12 h following treatment, it was TUNEL-stained nuclei ( Fig. 2F and H) . Whereas thymus and Peyer's patches showed marked apoptosis within 6 h, likely that apoptotic nuclei could be detected before that time. We examined tissues from untreated animals, and from lymphocytes in the intestinal epithelium are unyielding to the apoptotic effects of hydrocortisone. This demonstrates the animals 3, 6, 12, 18 and 24 h following HYC treatment. As early as 3 h after HYC treatment apoptotic nuclei were resistance of the IEL compartment to deletional effects of steroid-induced apoptosis. present in the thymus and Peyer's patches but not in the IEL population. Massive cell death was noted in the thymus and CD4 ϩ CD8 ϩ IEL are minimally affected by HYC in vivo Peyer's patches by 24 h, but no apoptotic IEL could be found. Figure 2 illustrates sections of thymus, Peyer's patch and Treatment of mice with HYC resulted in nearly complete deletion of CD4 ϩ CD8 ϩ thymocytes (10,13), whereas during small intestine from control animals ( Fig. 2A, C , E and G) and from animals treated with HYC 6 h before analysis (Fig. 2B , the same time interval, the CD4 ϩ CD8 ϩ IEL were unaffected (Fig. 3) . Although CD4 ϩ CD8 ϩ thymocytes are reduced by D, F and H). Paraffin sections of formalin-fixed tissue were stained with TUNEL (32). Apoptotic nuclei with DNA strand almost two orders of magnitude (from an average of 82% in control animals to 1.9% at 48 h), the proportion of CD4 ϩ CD8 ϩ breaks are identified by dark-brown staining. A few apoptotic nuclei were observed in the thymus and Peyer's patches of IEL did not differ from that before HYC treatment. The kinetics of deletion of the CD4 ϩ CD8 ϩ thymocytes and IEL in six control animals ( Fig. 2A and C) . Within the small intestinal epithelium, apoptotic epithelial cells were observed in both separate experiments are shown in Fig. 3 , and demonstrate the consistency of this observation. Calculation of the total control ( Fig. 2E and G) and HYC-treated animals ( Fig. 2 F  and H ), but no apoptotic lymphocytes were observed. deletion of cell subsets was also performed by multiplying total cell yield per animal by the proportion of single-positive As reported, steroid treatment of animals results in rapid GR, detection of membrane-associated GR (mGR) differed among the lymphocyte populations (Fig. 4) . This expression correlated with susceptibility to glucocorticoid-mediated killing. Glucocorticoid-sensitive thymocytes had the highest levels of mGR expression, whereas LN cells and IEL had very low levels of mGR expression.
Competitive-binding assays for GR ligand-binding capacity showed that IEL contain approximately the same number of sites as do cells from spleen, thymus and LN (Fig. 5 ). Lymphocytes were isolated and enumerated. Specific binding of [ 3 H]dexamethasone was calculated from cold competition binding, detailed in Methods. No statistically significant differences were found between any of the cell sets tested, with 1ϫ10 4 sites per cell in IEL, 1ϫ10 3 in splenocytes, 1.1ϫ10 4 in thymocytes and 1.1ϫ10 4 in LN cells. This is consistent with the intracellular anti-GR staining data in Fig. 4 .
Expression of Bcl-2 and Bcl-x in steroid-resistant IEL
One possible component responsible for the resistance of IEL to steroid-induced death is through the expression of Bcl-2, as the induction of steroid-induced apoptosis in several cytometry and found that relative to the thymocytes, many IEL expressed high levels of Bcl-2 (Fig. 6A) . One population stained with an intermediate intensity peak, which was of similar intensity as peripheral lymphocytes, and another popucells. By this calculation, it was determined that, in addition to CD4 ϩ CD8 ϩ thymocytes, CD4 ϩ and CD8 ϩ single-positive lation which stained with an intensity higher than any other cell type examined (Bcl-2 high ). thymocytes were also deleted. The numbers of single-positive IEL were also unaltered during treatment (not shown).
Both thymocytes and IEL expressed high levels of Bcl-x (Fig. 6B) . In normal mouse thymocytes, Bcl-x and not Bcl-2 GR expression and ligand binding in IEL expression is observed. In contrast, peripheral T cells express Bcl-2 and not Bcl-x. Only T cells activated with concanavalin In order to determine if lymphocytes did not respond to steroids due to lower numbers of GR, intracellular staining of A and IL-2 in vitro have been shown to express both molecules (39) . The finding that IEL have high levels of both Bcl-2 and GR in lymphocytes was measured by flow cytometry. Saponinpermeabilized cells were incubated with the anti-murine GR Bcl-x suggests a highly activated population of T cells. antibody (BuGR-2) which was FITC labeled. Thymic, splenic TCRγδ ϩ CD8α ϩ IEL express high levels of Bcl-2 and intestinal lymphocytes had identical levels of intracellular immunoreactive GR, indicating that the lack of responsiveness Simultaneous intracellular detection of Bcl-2 and surface detection of CD4 and CD4 revealed that the Bcl-2 high populaof the IEL to glucocorticoids is not due to a lack of receptor protein expression (Fig. 4) . tion was contained in the CD8α ϩ CD8β -CD4 -compartment ( Fig. 7A-C) . The Bcl-2 high population was largely CD4 -In contrast to intracellular expression of immunoreactive permealbilized for intracellular anti-Bcl-2 binding followed by goat anti-hamster-PE, then cells were washed thoroughly in PBS/BSA without saponin and surface stained with hamster anti-mouse TCRαβ-FITC or TCRγδ-FITC. The second antibodies used for the detection (Fig. 7A ), CD8α ϩ (Fig. 7B ) and CD8β - (Fig. 7C ). Bcl-2 high IEL of Bcl-2 had different levels of background staining, thus the crossconstitute about half of the TCRαβ ϩ IEL and in nearly all of hairs discriminating the Bcl-2 high and Bcl-2 low populations are at the TCRγδ ϩ IEL (Fig. 7D and E hamster anti-TCR antibodies.
Discussion
The shaping of the T cell repertoire results from antigenhigh levels of Bcl-2. Those IEL which do express high levels of Bcl-2 are CD8α ϩ β -CD4 -as well. This subset of IEL has driven proliferation and death of lymphocytes. The signals that induce apoptosis of thymocytes differ from those that been previously defined as having developed independently of thymus-directed selection and differentiation (1-4,40). induce apoptosis of mature T cells. We present evidence that IEL differ from both thymic and peripheral T cells in the Although we found that the TCRγδ ϩ IEL consistently contained high levels of Bcl-2 in vivo, these cells are very sensitive to signaling mechanisms leading to apoptosis. We have determined that IEL are resistant to steroid-induced death by apoptosis ex vivo (41) . High levels of Bcl-2 were not found in all IEL, however, so we examined expression of Bcl-x. showing a lack of deletion and death during in vivo treatment of mice. IEL do express GR which bind glucocorticoids, thus
Bcl-x has been shown to be protective of steroid and nonsteroidal immunosuppressant-induced apoptosis (20,37), as implicating post-receptor mechanisms for their resistance to steroid-induced apoptosis.
well as radiation-induced apoptosis (24,25). Its expression correlates with protection from radiation-induced cell death Glucocorticoid-induced apoptosis is often prevented by expression of Bcl-2; however, the mechanism of this protection (21) and hypoxia (42) . The expression of Bcl-x may account for the survival of those IEL that do not express high levels is not yet clear and is not entirely consistent (17-19). This study shows that IEL represent an activated population of T of Bcl-2, as mature T cells from mice deficient in Bcl-2 expression are not dependent on its expression for survival lymphocytes which expresses both Bcl-2 and Bcl-x. Bcl-2 is normally expressed in low levels in the thymus and high levels (43) . In addition, Bcl-x protects murine B lymphoma cells from receptor-mediated apoptosis (44) , since induction of in the periphery. We examined the expression of Bcl-2 in IEL and found two populations, including a population expressing apoptosis in B cells by CD40 ligand is independent of Bcl-2 expression (45) . In contrast to Bcl-2, Bcl-x is typically high in high levels, beyond that seen in the periphery. These Bcl-2 high IEL are largely TCRγδ ϩ , but some TCRαβ ϩ IEL also contain the thymus and low in the periphery. We found high expression of Bcl-x in all IEL, besides the high expression of Bcl-2 in a on suppression of cytokine production in non-lymphoid cells as compared to the induction of apoptosis in lymphoid cells subpopulation of IEL. As the CD4 ϩ IEL do not express the high levels of Bcl-2 as the CD8αα IEL, this suggests that
is not yet clear, as anti-CD3 treatment of mice (another apoptotic signal) results in decreased levels of IκBα. The Bcl-x may play a greater role in the protection of activated cells. Bcl-2 and Bcl-x are differentially regulated, and thus combined effect of dexamethasone and anti-CD3, or dexamethasone alone, does not result in IκBα degradation (51) . may function at different points during differentiation or development (25). This is the first lymphocyte population to be It is possible that in IEL, there is little NFκB, so the effects of glucocorticoid-induced IκBα synthesis are undetectable. shown to have high levels of expression of both the Bcl-2 and Bcl-x molecules in vivo, and this co-expression is found Many lines of evidence support the concept that IEL are derived extrathymically, and may therefore utilize different elsewhere only in lymphocytes activated in vitro (39) , reinforcing the interpretation that IEL are activated cells and not an mechanisms of selection and deletion than those used by T cells originating in the thymus (1-4,40). Thymic CD4 ϩ CD8 ϩ effete population of cells destined to die soon.
The expression of Bcl-x is induced by stimulation of the T cells are regarded as immature T cells. Cells of this phenotype have also been identified among intestinal intraepi-CD28 molecule on T cells (21). Recently, it has been shown that CD28 stimulation can rescue thymocytes from glucothelial lymphocytes; however, their proportion (5-20%) is significantly lower than in the thymus (80-90%). The presence corticoid-mediated apoptosis (16). However, CD28 expression is only modestly expressed on IEL, but is up-regulated of CD4 ϩ CD8 ϩ IEL would suggest that differentiation is ongoing in this population, since thymic CD4 ϩ CD8 ϩ T cells are being by in vitro stimulation, after which anti-CD28 co-stimulation augments IL-2 production (46). It is not known whether there selected as they enter the single-positive stage (53). Increased proportions of CD4 ϩ CD8 ϩ IEL are seen in c-kit is sufficient B7-1/B7-2 expression on the intestinal epithelium to interact with CD28 on IEL, although the murine intestinal (W/W v ) mutant mice, where the authors suggest that they may be intermediates in the TCRαβ lineage (54) . Alternately, it has epithelial-derived cell line, MODE-K, expresses B7-2 (V. Reyes, pers. commun.), other not yet characterized cobeen suggested that these CD4 ϩ CD8 ϩ IEL are mature T cells, because they express high levels of CD3 and they stimulatory molecules may act on IEL, resulting in Bcl-2 or Bcl-x induction, as well. It is possible that IEL-epithelial appear to have been negatively selected similarly to mature CD4 ϩ cells in some (55, 56) but not all (57) studies. The TCR interactions drive the expression of Bcl-x, which then contributes to the survival of the IEL during glucocorticoid or repertoire of CD4 ϩ CD8 ϩ IEL, however, shows variable levels of selection against self-antigens, based on their expression radiation exposure.
A population of steroid-resistant lymphocytes has been of TCR V β families in mice expressing antigens which normally select against their survival (3, 55, 56) . This, in combination identified in a rare form of asthma, where the defect is a diminution of GR receptors that bind DNA upon cellular with their high levels of CD3 expression, suggests the possibility that these cells are mature CD4 ϩ cells which have activation by steroids (47) . However, this is not the case in the IEL. We have observed equivalent levels of GR expression subsequently re-expressed CD8α (58). A post-activational stage of CD4 ϩ CD8 ϩ IEL would be consistent with their and ligand binding in IEL as compared to peripheral and thymic lymphocytes. It is not known whether the GR in IEL is resistance to glucocorticoid-induced apoptosis. Whether IEL are indeed extrathymically derived (2-4,40,59) fully functional in completing its task of translocation to the nucleus and transcription initiation. In contrast to the or require some early contact with the thymus (60) (61) (62) (63) , the undisputed conclusion is that IEL are unlike their peripheral intracellular GR expression and ligand binding that is equivalent among all lymphocyte populations examined, mGR counterparts. T cells expressing self-reactive TCR indicate that the selection process is separate and distinct from expression differed and correlated with glucocorticoid sensitivity. An in vitro correlate of this observation was reported thymically-selected T cells (1,3). High levels of both Bcl-2 and Bcl-x may contribute to the survival of the forbidden (48, 49) where several lymphoid cell lines and tumors showed glucocorticoid sensitivity that paralleled mGR expression. In T cells without interfering with their functional inactivation. Although we have defined this population of lymphocytes as our system, we find not only a correlation with glucocorticoid sensitivity, but also with radiation sensitivity. Thus mGR expresresistant to glucocorticoid-and radiation-induced apoptosis, the purpose of this protection is more likely due to the nature sion identifies a susceptible population, but does not necessarily provide further insight into the mechanism of selection of their environment. The gut epithelium is exposed to a plethora of microbial and food antigens, to which excessive of cells with this differential expression. It is, however, possible that glucocorticoid sensitivity and radiation sensitivity are immune reactivity would result in chronic inflammation. In order to maintain as immunologic quiet, IEL are likely to linked through the mGR, as thymocytes may be especially radiation sensitive as the result of radiation-induced steroids exist in a functional state which precludes proliferation, but favors survival. that then would act on glucocorticoid-sensitive cells. A similar situation has been described for during elemental zinc deficiency (50) , where thymic atrophy of animals on a zinc 
